Introduction
Otsuki and Takebe (1969) isolated intact mesophyll cells and their protoplasts from a number of plant species by using mixtures of hydrolytic enzymes to digest the plant cell walls. They noted that some species were more resis tant to the enzymes than others. Maheshwari (1966) used a similar technique to isolate the epidermis of sunflower and snapdragon leaves but found it more difficult to obtain suitable preparations from wheat and corn.
We report here a method for the isolation of intact colonies of the obligate parasite (Melamp sora lini (Ehrenb.) Lev., Race No. 3) from flax by the use of hydrolytic enzymes which selec tively digest the cell walls of the host plant, without apparently damaging the fungal cell wall. Once isolated, the colonies may be useful for metabolic and other studies of the rust fungus in the absence of host tissue. Such colo nies can also be used as inoculum for the estab lishment of axenic cultures.
Materials and Methods
Growth and inoculation of flax seedlings (variety Bison) and surface sterilization of the cotyledons were carried out as described by Coffey et al. (1970) . Cotyle dons were harvested when infection flecks were well developed but not yet orange in color. After surface sterilization, the abaxial epidermis was stripped away as carefully as possible using fine forceps and a spatula. The cotyledons were then inunersed in the B-5 medium described by Gamborg et al. (1968) , modified by the omission of 2,4-dinitrophenoxyacetic acid (2,4-D) and containing in addition 2.5% macerozyme and 2.5% Onozuka-P5000 Cellulase (both obtained from All Japan Biochemicals), 0.5% pectinase (Sigma), and gramicidin D (6 µg/ml). If a large yield of colonies was desired, about 60 cotyledons were immersed in 25 ml of the enzyme mixture in a 50-ml Erlenmeyer flask, infiltrated under vacuum until they sank, and incubated for 150 min at room temperature with gentle shaking. This was followed by agitation with a magnetic stirrer for 30 min. The speed of the stirrer was adjusted to avoid foaming. The liberated colonies were now suspended in the medium and were collected on a nylon screen (385 µ). They were then washed with modified B-5 medium (i.e. minus 2,4-D), resuspended in modified B-5 medium, and centrifuged at low speed to concentrate them in a loose pellet. This procedure is referred to as procedure I.
Procedure II was used to obtain colonies which were virtually free of chloroplasts and flax cells. About six cotyledons with the abaxial epidermis removed were incubated in a plastic petri dish (Falcon, 60 mm), con taining 2 ml of enzyme solution, at room temperature overnight. The colonies were then freed from the epi dermis by gentle shaking, transferred to about 25 ml of modified B-5 medium, and agitated with a magnetic stirrer for 10 min. This suspension was poured into a petri dish. Colonies were spotted through a dissecting microscope and picked up with a Pasteur pipette. Axenic cultures were initiated by transferring the colonies, sus pended in modified B-5 medium, to the agar medium used for axenic culture of the rust. The droplet of liquid was then removed to ensure direct contact of the colo nies with the agar surface. Each liter of the agar medium contained KN0 3 , 0.25 g; Ca(N0 3 )·4H20, 2 g; K2HP04, 0.75 g; KH2P0 4 , 0.25 g; NH 4 N0 3 , 0.04 g; the micro nutrients described by Coffey and Shaw (1972) ; sucrose, 40 g; agar, 15 g; and be vine serum albumin (Miles, Fraction V), 0.5 g. The calcium nitrate was autoclaved separately and added to the medium when it had cooled. The bovine serum albumin was defatted (Chen 1967) and filter-sterilized. This medium was known to support growth of axenic cultures initiated from flax-rust uredio spores (unpublished results). Incubation was in the dark at l7°C.
Results and Discussion
This technique of isolating fungal colonies from infected plant tissue depends on the use of enzymes which digest or critically weaken the host cell walls but not those of the fungus. When infected flax cotyledons were incubated in the enzyme mixture plant protoplasts were pro duced, but the fungus was left intact. However, the epidermis and vessel elements were resistant to the action of the enzymes and fragments of these often remained attached to isolated colo nies. The procedure can be simplified by making up the enzyme mixture in the medium used for axenic culture of the rust.
If the rust was sporulating at the time of iso lation, the walls of the host cells adjacent to the fungal colonies were more difficult to digest. The pellets of colonies isolated by procedure I were pale green because the 3-h incubation left some apparently intact host cells in the center of the fungal mass. When procedure II was used many colonies were virtually free of con taminating host cells (Figs. 1-3) . All of the 82 colonies plated on the agar medium grew, as sumed a spherical shape, and turned orange in color. Microscopic examination confirmed that urediospore development had occurred (Fig. 4) . None of these spores were observed to have germinated. Three colonies continued to in crease in size, the orange spheres becoming about four times the diameter of the originally plated colonies. White mycelium began to de velop from the base of these after about I month in culture and growth has continued after trans fer to fresh medium (Fig. 5) . Small fragments of cotyledon attached to the colonies neither in hibited nor promoted fungal growth.
There is little chance that the axenic cultures of the flax-rust fungus presently available origi nate from a single spore since several dozen spores in close association are required to ini tiate axenic growth (Turel 1969) . It has also been suggested that anastomosis of germ tubes precedes the development of colonies in culture (Coffey et al. 1970) . Inoculating cotyledons with single spores as described by Fleischman et al. (1966) and establishing axenic cultures from these infections using our technique would yield colonies derived from a single urediospore. Kuhl et al. (1971) cultured several races of Puc cinia graminis tritici from urediospores but growth was inconsistent. These authors sug gested that the transition from sporeling to vegetative hyphae was the critical stage in the establishment of cultures capable of continued growth. The procedure described here may prove useful for the establishment of axenic cultures of other races of P. graminis as well as other rust fungi which have not been grown apart from their hosts because it bypasses in vitro sporeling development and the initiation of vegetative hyphae.
